The Investigation and Therapy of Thyroid Carcinoma with Radioactive Iodine' If we had been meeting ten years ago to discuss this subject, we should have heard that radioactive iodine was concentrated in the human thyroid, that radiophosphorus was taken up by lymphoma tissue in the mouse, that radioiron entered the red cells of the dog, and that radiostrontium was concentrated in bone in the rat. We might, or might not, have been told that the first plutonium pile had been reacting for two days.
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DISCUSSION ON THE USE OF RADIOISOTOPES IN SURGERY
Dr. E. E. Pochin, Director, Department of Clinical Research, University College Hospital Medical School, London. The Investigation and Therapy of Thyroid Carcinoma with Radioactive Iodine' If we had been meeting ten years ago to discuss this subject, we should have heard that radioactive iodine was concentrated in the human thyroid, that radiophosphorus was taken up by lymphoma tissue in the mouse, that radioiron entered the red cells of the dog, and that radiostrontium was concentrated in bone in the rat. We might, or might not, have been told that the first plutonium pile had been reacting for two days.
Even five years ago, when reports were appearing on radioiodine and radiophosphorus therapy, and on radiosodium and radioiron in diagnosis, our discussion would have been of a widening field of experimental methods-methods of the greatest interest and promise, but still tentative and uncertain in their clinical importance.
To-day, I think the position is changed. The radioactive isotopes now offer methods of proved clinical value, and we are now participants rather than spectators, in the sense that certain of our patients will be inadequately treated or examined if we do not make appropriate use of isotope methods. This, therefore, appears to be an appropriate stage to review some of the most important clinical applications of these techniques. As one example, I wish to discuss the investigation and therapy of thyroid carcinoma with radioactive iodine. To start by a definition of terms, a radioactive isotope of say, iodine, is merely a variant form of iodine which happens to be radioactive. Its atoms have, in fact, the same electrical charge in their nucleus as for ordinary iodine, and hence the same number of electrons surrounding the nucleus, and therefore identical chemical properties; so that, wherever iodine is concentrated, radioiodine will be equally concentrated and with the same speed. But these atoms, although having the same charge as ordinary iodine, are abnormal in their atomic weight, and are consequently unstable, and undergo radioactive disintegration.
We may therefore take radioactive iodine, which Harwell produces by neutron irradiation of tellurium, and administer it, in a simple chemical solution in the form of iodide, and know that it will become distributed through the body in the same way and at the same speed as for ordinary iodine. But in the areas where it is concentrated, namely in the thyroid and in some thyroid carcinomata, it will reveal its presence by the radiations that it emits or, if very high doses are used, will cause local tissue destruction by the intense radiation produced.
Local concentrations of, for example, radioiodine, may be detected by using a suitably shielded Geiger counter. The counter itself consists essentially of two wires in a tube with 1,000 volts potential difference between them, but insulated from each other so that no current flows. But if a radioactive atom in the vicinity breaks down, the radiations from it may momentarily ionize the gas between these wires, and a current will flow. The counting rate, or the frequency with which such currents flow and are recorded, will thus be proportional to the amount of radioactive isotope in the vicinity of the counter.
Localization of a source with such a counter can clearly be made much easier if the counter is surrounded by a cylindrical lead shield, so that it detects only those concentrations of radioisotopes at which the end of the counter is directly pointed. It is then obviously possible to detect the presence of such areas of concentration, to distinguish adjacent areas and to do so even when these areas are deep within the body, using the gamma radiation which is emitted by most radioisotopes and which penetrates tissue freely.
(Dr. Pochin then demonstrated these methods of localization.) This principle obviously applies, not only to finding where an isotope is concentrated, but to detecting when such material, injected intravenously, arrives at any particular position in the body. Clearly also, since the counting rafe is proportional to the amount of isotope present at a given distance from the counter, it can be used to estimate quantitatively the efficiency of an organ or a tissue in concentrating a particular element; as for iodine in the thyroid, iron in the blood, mercurial diuretics in the urine, or phosphate in the head of a fractured femur as a measure of its vascularity; and in many other instances.
The application of these methods may be illustrated in the selection of thyroid carcinomata for radioiodine treatment. It is familiar that certain of these tumours resemble normal thyroid tissue in having the capacity to concentrate iodine, although, rarely as strongly as does the gland itself. It is obviously important, in any individual case, to find whether the carcinoma does concentrate iodine strongly for, if so, it may respond to treatment from the intense local irradiation produced within the tumour by the radioiodine there concentrated. Moreover, most of this radiotherapeutic effect is achieved by the beta radiation of the radioiodine which only penetrates a millimetre or so from sites of concentration of the isotope, so that very high tumour irradiation may be achieved with only moderate radiation of the body or of neighbouring structures.
The most direct method of detecting uptake of radioiodine in a thyroid carcinoma is by measuring the radioactivity of tumour tissue removed at biopsy a few days after a test dose of radioiodine, or by comparing its activity with that of a plasma sample taken at the same time. When, however, the biopsy material is taken from the neck, and might include some normal thyroid tissue, an autoradiograph will usually be necessary to show that radioiodine is taken up in carcinoma tissue itself.
In most cases, however, repeated measurements will be required during the course of treatment, of the radioiodine uptake of the tumour or of its various metastases, and serial biopsies of carcinomatous tissue are very rarely justifiable. In practice, therefore, the detection of uptake commonly relies on external counting, that is, on mapping the sites of radioiodine concentration throughout the body by the use of a counter external to the body surface. If the problem at this stage were simply one of giving a test dose of radioiodine and testing for its uptake in tumour metastases, the selection of cases suitable for radioiodine treatment would be a technical rather than a clinical problem, and the results would be simple although discouraging since, in fact, such uptake in tumours is rarely detectable while any normal thyroid tissue remains in the body. It has, however, frequently been shown (Rawson et al., 1948; Dobyns and Maloof, 1951; Pochin et al., 1952 ) that this radioiodine uptake may only develop or become detectable in tumour tissue after ablation of the thyroid, either by a total thyroidectomy or after thyroid destruction by radioiodine. Of these two alternatives, the surgical removal of all thyroid tissue is the preferable, as avoiding unnecessary radiation dosage and allowing radioiodine treatment to be started several weeks earlier. Commonly, however, it will be impossible to be sure of removing the entire thyroid from an area in which previous biopsies or thyroidectomies have been performed and which is involved with carcinomatous tissue. In such cases the thyroid can be destroyed by a first therapeutic dose of radioiodine.
The decision to ablate the thyroid by either process must usually be made, therefore, without knowledge whether the tumour is capable of concentrating radioiodine, and such thyroid ablation should clearly be limited to those patients in whom the tumour is likely to develop or reveal powers of iodine concentration as a result of it. It has been found that anaplastic thyroid carcinomata rarely show such powers even after thyroid ablation, whereas the more differentiated ones appear to do so rather frequently. This may be illustrated from the results observed in a short series of such tumours and shown in Table I , from which it will be seen that radioiodine concentration was probably occurring 50% 75% in three-quarters of the differentiated tumours examined after thyroid ablation, although in less than half of the whole series, being infrequently seen unless the tumour structure included well-formed alveoli, or follicles containing colloid secretion.
It appears, therefore, that all thyroid carcinomata which cannot be removed radically by operation should, if possible, be examined by biopsy. Those which are found on biopsy to possess a welldifferentiated histological structure, particularly if colloid is present, should be subjected to thyroid ablation by the total removal of normal thyroid tissue at operation if this seems likely to be practicable, or otherwise by radioiodine. The tumour should then be tested for its chpacities of radioiodine concentration, although evidence of such uptake may possibly have been indicated during a radioiodine ablation by tenderness or reduction in size of tumour metastases, as well as of normal thyroid tissue, during the week after the "ablation dose". If radioiodine concentration can be demonstrated in the tumour tissue, successive therapeutic doses of radioiodine are given at inteivals of two to four months until no further abnormal sites of radioiodine concentration can be detected in the body. Myxcedema will have developed in such cases after the thyroid ablation and can be controlled by thyroxine except during the weeks immediately preceding each successive therapeutic dose, of which the uptake in tumour tissue would be inhibited by current or recent thyroxine therapy.
. This form of therapy has not been continued sufficiently long to indicate its scope, or whether it should be regarded as a palliative or as a possibly curative treatment. It does appear already, however, that it is valuable in the majority of all histologically differentiated thyroid carcinomata, and in such cases is commonly associated with relief of symptoms or reduction of tumour mass which can often be maintained, at least for several years. This form of treatment is distinctive, also, in that it is often valuable and may prove curative, even though it is only started when the tumour has already metastasized remotely in bone, lungs, or through lymphatic channels. Endocrin., 8, 826.
Dr. F. T. Farmer, Physicist, Royal Victoria Infirmary, Newcastle upon Tyne: Application of Radioisotopes as Tracers in Surgery I shall deal in this paper with some of the applications of radioisotopes as tracers in surgery, and shall be concerned primarily with the use of Sodium24. This substance has a half-life of fifteen hours, and is particularly suitable for tracing movements of body fluids, since when made up in the form of isotonic NaCl solution, it is completely miscible with the blood or extra-cellular fluid, and its short half-life means that it is only active in the body for a limited time and the risk of radiation injury is small; at the same time the penetrating gamma rays emitted enable measurements to be made from without the body and therefore with little disturbance to the patient.
Among a great number of applications of this isotope, two main classes have been of particular use, namely the measurement of blood velocity by observing the time of transit of a small quantity of injected radiosodium from one point to another in a vein or artery, and the study of "clearance rates" of Sodium24 when injected into the tissues and allowed to be carried away by the dispersive processes of the body.
The first class of test requires an injection of between 2 and 10 ,ac., and a detector of radiation placed on the skin at a suitable distance from the site of injection, and with the patient at rest and secondly when the limb was exercised. The time in either case is much longer than that for a healthy limb and the extent to which the flow is speeded up by exercise is readily seen. (In the second experiment only about one-fifth of the quantity of sodium was used, resulting in a higher background "count" and correspondingly reduced accuracy of measurement.) Much detailed work of this nature has been carried out, particularly by Osborn and Payling Wright (1949) and by Payling Wright (1952) , using an automatic recording arrangement designed to assist the accurate measurement of these circulation times. In this, a record is drawn on a kymograph drum, each point representing the total number of counts picked up by the detector since the start of the experiment. The slope of the graph thus indicates the counting rate or intensity of radiation, and the moment at which the sodium arrives at the counter is shown by sudden change in slope. These authors have applied the methcid to the study of venous velocity in the leg particularly during pregnancy, making the injection into the foot and recording over the groin, and they found a progressive diminution of velocity, the transit time from foot to groin increasing from about 10 seconds at the commencement of pregnancy to over two minutes at the first stage of labour. This slowing down of blood flow has obvious importance in relation to the danger of thrombosis andmay be used as a guide to treatment, and the method has been applied with equal effect in the study of circulation times, under other abnormal conditions.
The use of Sodium24 for measurement of "clearance rates" was first introduced by Kety in 1948, who showed that when a small quantity of this substance was injected into the muscle and the amount remaining at any time was measured by the gamma rays reaching a counter over the skin, the dispersal followed an exponential law, diminishing to half in equal successive intervals of time. By making certain simple assumptions, namely that the sodium lies initially in the extra-cellular space of the tissues and is confined to a fixed volume until it is carried away by the blood vessels or lymphatics, he showed that this is the form of clearance curve that would be expected, and suggested that the rate of clearance might be a useful index of the overall exchange fluid within the tissue. It seems from the work of Stone and Miller (1949) and others that lymphatics play a negligible part in the clearance process and that the sodium is carried away almost entirely by penetration into the blood capillaries. It must be remembered that sodium ions are of much lower molecular weight than most physiological substances, but nevertheless there is much evidence that such clearance measurements give a valid indication of the rate at which nutrient fluids are being supplied to any point and that at which metabolites are carried away. The result may bear very little relation to the rate of blood flow, as has been demonstrated by Miller and Wilson (1951), but on the other hand is likely to be a more valuable index of physiological function of the tissues than is a simple measurement of this rate of flow. This technique has recently been applied to the study of skin grafts in plastic surgery. For this purpose an injection of about 0p -c.c. of isotonic saline containing 1 fc. or so of Na24 is made intradenmally and a counter is placed over the wheal so formed; a special counter tube' has been designed for such measurements having a thin end window of glass which allows, if desired, the beta rays as well as the gamma to enter and so give the maximum sensitivity of Adetection. It is necessary to mount the counter on a light freely moving support, and locate it by some simple attachment to the part of the body concerned, so that its position in relation to the skin remains accurately constant despite breathing and other movements of, the patient. No lead screening is needed on the counter. This arises from the fact that a high counting rate is necessary in any case to record the rapidly changing activity, so that the background due to stray radiation contributes a negligible proportion to the reading on the instrument. Fig. 2 shows typical results of such measurements on an intradermal wheal, where the activity is plotted to a linear scale against time. The form of curve is seen to be exponential, and it is convenient to plot the results to a logarithmic scale on the vertical axis, so that a straight line is produced. Fig. 3 shows such results in which the lower curve was obtained with a 1 mm. aluminium filter over the end,of the counter, cutting off the beta-rays, and the line is seen to be straight from the start of the experiment. When the filter is removed so that the beta rays enter, there is an initial rise, probably due to diffusion of sodium towards the counter, and this arrangement, though reducing the quantity of sodium needed to about 0-2 ftc., is more susceptible to movement of the counter or patient. In either case the slope of the straight line gives a measure of the rate of loss of sodium, and a simple scale, drawn on a transparent material, yields the clearance rate as a percentage loss per minute.
When such measurements are made on normal skin, large variations in clearance rate are observed which are attributable to the many complicating factors, including temperature, drugs and even mental apprehension of the patient which may exist. The effect of temperature has been studied in a series of experiments on the skin of the hand, and it has been found that at room temperature a rise of only one degree centigrade causes an increase of some 24 % in the clearance rate. In any such work therefore on normal skin accurate temperature control is needed, and it is clear that single measurements alone will generally give little information about-the condition of the skin at the point in question, and in all such work steps must be taken to eliminate the disturbing factors as far as possible.
Fortunately, when the method is applied to skin grafts these difficulties are minimized, since the skin is to a large extent denervated and is relatively independent of temperature and other disturbing influences. It has been found in consequence that when an injection is made intradermally into a graft the clearance rate forms a significant index of the fluid transfers taking place and thus gives some measure of the viability of the tissues. This method is a more objective test than measurements of heat exchange (Douglas and Bucholtz, 1943) or the use of fluorescein (Lange and Boyd, 1944) or atropine (Hynes, 1948) which have previously been employed to this end. The technique has been applied extensively to tubed pedicles. Fig. 4 shows the clearance rates so obtained in an acromiothoracic pedicle before, immediately following, and after the raising of the tube in this area. It is seen that before surgical interference the clearance rate in the skin was 5 1 %Y per minute; thirty minutes after the operation, although the pedicle looked clinically very healthy, the rate was practically zero; and after an interval of seven days it had increased to 3 3 % per minute. By making such measurements at daily intervals after formation of a pedicle, a valuable guide to its increasing vascularity is afforded, and Barron, Veall and Arnott (1951) have applied this technique on a considerable scale. In order to facilitate measurements, they have introduced a recording system which first converts the counting rate of a Geiger tube to a logarithmic scale, and then records this on a moving paper, and by making two or three injections successively at different points on the pedicle, increased information can be obtained. Such daily measurements enable the successive stages of an-operation to be planned and carried out often very much earlier than would have been the case with no such tests, and in consequence the overall time of a multiple stage graft may be reduced in some cases from several months down to as many weeks.
In the intermediate stages of a pedicle operation, when one 6r other end of the tube is about to be transferred to a-new site, it is important not only to know whether the circulation is proceeding through the pedicle, as shown by the tests described, but also to predict whether there will be an adequate fluid supply to the tissues when the pedicle is divided at one end and the circulation has to.take place from the other end through the length of the pedicle and back again. A modified form of radiosodium test has proved valuable in these cases, in which an injection is made at some convenient point in the tube, and a clamp is applied to one or other end, so obstructing completely the through-circu- lation. Any clearance which remains is then due to the forward and back circulation from the other end. Fig. 5 illustrates such a case. This patient had an acromio-thoracic pedicle raised for a radionecrosis of the mandible, and radio-sodium measurements were made on it at intervals of about a week. In the test shown, a clamp was applied to the right-hand end of the pedicle, and it is seen that the flow came almost to a standstill and then, in the following ten minutes, it gradually increased, as shown by the slope of the graph, indicating that new pathways were opening up in the dermis. The medial end of the pedicle was transferred shortly after this and after four weeks the acromial end was also transferred to the face.
Further tests were made at this stage. It was known that the left-hand end of the pedicle was in a relatively unhealthy condition clinically and it was suspected that there was poor circulation through it. Making an injection at the centre of the pedicle and applying a clamp first to the right-hand end and then on the next day to the left-hand end, the clearance rates as shown in Fig. 6 were determined, and it is apparent that in the first of these the blood supply was stopped almost completely by the clamp while in the second it was hardly affected. A week later the test was repeated and it is seen from Fig. 7 that there was new some circulation from the left-hand end, though this was still very much less than from the right. This process was continued until a clearance rate after clamping at the righthand end of 2% per minute was obtained, and it was then decided that the final spreading of the pedicle could safely be undertaken. Tests of this type can be used effectively on most pedicle grafts and give more useful information than a simple clearance rate measurement without clamping. Often a great saving in overall time in hospital can be effected by applying this technique at various stages in a graft operation.
The radiation dose given to the patient by these injections is quite small and presents no serious hazard, and even when gamma-rays are used, requiring a greater amount of Sodium24, it does not exceed that received in an ordinary diagnostic X-ray examination. Care must be taken, however, to avoid exceeding a safe level by repeated injections in the same area.
The application of radioisotopes to brain surgery.-Two lines of attack have been made on this problem. The first consists in localization of tumours from without the body as an aid to subsequent treatment, and the other the detection of malignant tissues within the brain, either during biopsy or full operative procedure.
The first technique has been developed from the use of dyes such as sodium fluorescein which were known to concentrate in highly cellular tissues and thus exhibit a higher uptake in a tumour mass than in the surrounding brain medium. Recently a derivative, di-iodofluorescein, has been produced containing Iodine 31, which emits gamma-rays and can thus be detected in very small quantities. About I mc. of this substance is given by intravenous injection and one to two hours later measurements of the radiation are made with shielded directional counters around the head. Davis et al. (1950) report 200 cases investigated in this way, in 95 % of which the tumour was correctly localized, and Moore and his co-workers (1950) also report success with this method. The technique requires high accuracy of measurement and is hampered by the fact that only about 2 % of the radioiodine injected goes into the brain, a large proportion going into the thyroid, and recently in this country, Belcher et al. (1952) have introduced a scintillation counter designed to give added sensitivity and overcome these difficulties as far as possible. Their results, however, did not confirm the earlier publications and they were able to verify only 20 out of 34 intracranial tumours and to locate satisfactorily only one of these, and as yet the earlier results have not been borne out by them: or other workers.
The second technique, namely that of localization in the operating theatre, consists in mapping out brain tumours using a beta-ray emitter, phosphorus32, injected into the body 15-30 minutes before the operation. It was introduced by Selverstone et al. (1949) and has been used considerably in this country, notably by Morley and Jefferson (1952) . These workers used a probe counter made of stainless steel about 2 mm. diameter and having its sensitive portion near the tip, and gave an injection of 1 mc. of P32; counting rates in the tumour were then found to range from 2 to 50 times background. The length of path of the beta-rays in the tissues is only about 5 mm., and the method therefore limits the detection to that of radioactive material in the immediate neighbourhood of the counter: this, however, has the advantage that even quite large quantities of the isotope at greater distances cause no effect, and a more accurate localization can be made than with a gamma-ray emitting substance. Morley and Jefferson report successful use of this technique for obtaining biopsy material in 14 out of 15 cases, where an exploration is made at varying depths with the probe and then aspiration carried out along a cannula introduced through a burr hole. They also report successful mapping out of sub-cortical tumours in which the counter is sunk at several places, and at each measurements are made at varying depths to determine the boundary of the tumour. Such measurements often determine whether a tumour is accessible before excision is attempted, and post-mortem examinations have confirmed agreement between the areas so mapped out and the actual extent of the tumour. Misleading results may on occasion be given by inflammatory lesions in the brain which also take up P32, but the method has undoubtedly very great value in the surgery of brain tumours and is likely to be applied more widely in the future.
Mr. D. M. Wallace, Joint Urological Clinic, Royal Cancer Hospital and St. Peter's and St. Paul's Hospital:
Radioisotopes in Bladder Cancer Various radioactive isotopes having a short or long half-life can now be used as solids or in solution. These have a sufficient range of physical properties to enable practically any technique of irradiation to be carried out. In either intracavitary or interstitial irradiation the degree of penetration, the rate of dosage, the time and the protection problems for the personnel all influence the choice of isotope.
Solid Isotopes
The solid isotopes which have been used in urological practice are gold (Au198), tantalum (Tal82), and cobalt (Co60).
Gold is used as a substitute for radon seeds in the form of a small solid cylinder of gold sheathed in platinum to filter off the beta radiation. These gold grains are much smaller than radon seeds and as they are accurately machined they can be used in a gun which permits rapid and easy insertion of the grains. The gun holds a magazine of 15 grains at one loading and the grains are ejected out of the gun by pressure on the trigger. Gold has a short half-life (2-7 days) like radon (3 8 days) but, unlike radon, if the grains are not used they can be reactivated at a nominal expense. Grains, however, have the same disadvantage as radon, the quality of an implant will be decided at the time of the implant and if over or underspaced the dose cannot be altered afterwards.
Tantalum is an alternative for radium. Used in the form ofwire it is a flexible source of radiation that can be inserted by several methods. Active wire has to be sheathed in platinum, again to absorb beta radiation. When sheathed, it is flexible to a degree that varies with the thickness of the tantalum core. The wire is active along its whole length unlike radium needles, which have inactive ends. As tantalum is inert in the tissues there is no risk of absorption of tantalum from the open ends of the platinum sheath.
With a half-life of 111 days tantalum can be used over a long period of time-it can be kept as a bank and used on several occasions. If unused it can be reactivated by re-insertion in the pile. The main advantage is that linear parallel wires inserted in the bladder wall result in a more even irradiation than multiple unevenly implanted point sources and the dose can be altered by the length of time the wires are allowed to remain in situ.
The relative inexpensiveness of wire and the low wastage rate make wire an attractive alternative for radon from the administrative aspect; the ease of insertion, the quality of implant, ease of removal and its constant availability confer advantages from the clinical aspect.
Cobalt has been used as a source of radiation for a longer period than most of the other isotopes.
In the form of a solid bead or needle it can be used for either intracavitary or interstitial irradiation.
It has a longer half-life (5-3 years) than tantalum, but it has two disadvantages (a) it is absorbed if left in contact with the tissues, (b) it is difficult to sheath and has to be plated in order to eliminate beta radiation. Cobalt can be regarded as a substitute for radium, but it cannot be used readily as a flexible alternative.
Isotopes in Solution
Isotopes have been used in the form of solutions by various centres. Cobalt solution is still being used in other countries, but is not in use in England, because of the danger of contamination. A solution with a long half-life such as cobalt could be absorbed into the body of a patient. In the event of accidental spillage or contamination of a room, bedding, &c., there is-na method of rendering the room free from radioactivity in less than a period of years. While there are adequate alternative methods the use of cobalt in solution must be discouraged as potentially dangerous. Sodium and bromine have both been used as solutions. Sodium (Na24) as sodium chloride and bromine (Br82) as calcium bromide have short half-lives (twelve hours, thirty-five hours), and any absorption or spillage is not a serious matter. Although sodium chloride is absorbed from the bladder mucosa, the rate at which this occurs is so slow that in the event of any accident it should be possible to wash out the bladder before any significant absorption has occurred.
The two solutions vary in their radiotherapeutic properties, sodium gives a relatively higher beta radiation than bromine. During treatment of a mucosal bladder lesion the respective doses would be: Sodium 4,000 r gamma + 5,000 r beta. Bromine 6,000 r gamma + 1,500 r beta. These are the isotopes usually employed in urological surgery.
ISOTOPES IN BLADDER LEsIoNs
The lesions of the bladder for which these isotopes can be used are now well defined and fall into two main groups.
Interstitial therapy.-The single bladder tumour with minimal infiltration of the muscle wallinfiltration which, once the main tumour has been removed, is less than 1 cm. in maximum depth at any part, and where the total area of tumour and abnormal mucosa at the base is less than 5 cm. in diameter-is suitable for implantation as a single plane implant.
When a good implant is performed in this type of lesion, by whatever method, the results are excellent, but when the implant is faulty or the clinical assessment of the disease has been too optimistic the results can be very depressing.
Both gold and tantalum are still being used experimentally, but they both have advantages over radon and radium. Gold can be introduced into small lesions cystoscopically if only a few seeds are required or they can be used if there is any difficulty in inserting wire. They are, however, permanent implants and the radiation given depends solely on the quality of the implant.
Wire, after a little experience, gives a homogeneous method of irradiating a volume of tissue and the dosage can be varied depending on the length of time the wires are left in situ.
Intracavitary therapy.-The lesions suitable for intracavitary irradiation have (in our Clinic) been limited to multiple non-infiltrating mucosal carcinomatosis, a lesion that masquerades so often as papillomatosis. These lesions present as multiple small.pedunculated or sessile tumours with or without areas of abnormal mucosa. The pyelogram is normal and no lesion is palpable on bimanual examination. The object of the irradiation with radioactive solutions has been to deliver sufficient radiation to the bladder mucosa yet to spare the bladder muscle as much as possible. In the early series the irradiation was given in a single dose and when using bromine in this fashion several contracted bladders were encountered. It is now given in three insertions of one to two hours and at weekly intervals, so that a total of 6000 r gamma is given over a period of fifteen days.
The technique of insertion of the balloon catheter and the method of treatment has been described in full elsewhere (Wallace, D. M., Walton, R. J. and Sinclair, W. K., 1949, Brit. J. Urol., 21, 357) .
A bead of cobalt at the centre of the balloon has also been used for intracavitary irradiation, but it has certain theoretical disadvantages-the point source must be kept central-a variation of one centimetre from the middle of the balloon may mean three times the irradiation on one side of the bladder compared with the opposite side. Should such a variation occur it may not necessarily be towards the tumour. Secondly the depth of irradiation is greater with a central source than with a balloon filled with solution. This is shown by the following There is certain evidence to show that although temporary tumour regression can be obtained in infiltrating lesions; when the tumour is in muscle complete sterilization is difficult to obtain with a dose of radiation that will not destroy the whole bladder. For this reason intracavitary irradiation should be confined to lesions that have not spread clinically into muscle. It should not be used in cases of low-grade papillary carcinomatosis that can be adequately controlled by repeated diathermy. Provided the histology is representative, and the tumours do not undergo mutation, the natural history of such tumours is such that they are unlikely to shorten the patient's life' For the average or highgrade tumours where infiltration is likely to occur the risk of intracavitary treatment is justified as an alternative to cystectomy.
The late complications of treatment have been minimized by adopting a technique of fractionating the doses, but although as yet with this technique no bladders have had to be removed nor ureters transplanted, considerable urinary frequency and sloughing of the bladder mucosa may result three to six months after treatment.
the liver to the gut and is reabsorbed, while some is excreted in the urine. There are, therefore, at least three different ways of measuring the overall thyroid function with radioiodine. A Geiger counter may be placed over the neck to record the uptake directly. The urine can be collected and its radioiodine content will give an indirect measure of the thyroid uptake. Or thirdly, the concentration of hormonal radioiodine in the plasma may be determined as a measure of the rate of production of thyroxine. Combinations of two of these are often the most useful.
Hyperthyroid patients show a more rapid accumulation of the isotope and retain larger amounts for longer periods than normal. Hypothyroid patients usually show a diminished uptake. When the results are compared with those obtained from clinically normal or euthyroid individuals, there is usually some overlap but this is not surprising since hyperand hypo-thyroidism are not sharply defined and every gradation exists between them and the euthyroid state. Most normal people take up less than 400% of a tracer dose in the first forty-eight hours and hyperthyroid patients amounts of over 60% according to the severity of their disease.
A more accurate estimate of thyroid function is obtained by making simultaneous determinations of the radioiodine concentration in the gland and in the plasma. Then the volume of plasma cleared of iodide per minute, i.e. the "clearance rate," is obtained by dividing the uptake over the neck, by the plasma level. In normal people it is about 20 c.c. per minute. Since this technique requires the taking of serial blood samples it has been found simpler to compare counts over the neck and the thigh.
As a routine diagnostic test, serial measurements over the neck and thigh of the patient take up much time and can only be done in limited numbers. For this reason indirect measurements of thyroid function made by collecting the urine after a tracer dose, have some advantage. The patient drinks 10 Ftc. and is sent away from hospital with containers for the collection of urine. If at least three periods are taken over a total time of not less than forty-eight hours, good discrimination is obtained between hyperthyroid and euthyroid individuals.
To recapitulate, thyroid function can be accurately determined by measurements over the neck and thigh or neck and plasma, but when it is difficult to bring the patient to the necessary counting apparatus, or where large numbers of patients are involved, urinary excretion tests offer an excellent alternative. Whichever method is employed it is first necessary to carry it out on a wide selection of euthyroid individuals to discover the range of normality for the particular test.
Localization Studies
If a Geiger tube is shielded with lead in such a way that it only records the emanations trom a tiny area it becomes possible to map out the position and intensity of iodine uptake over the neck and elsewhere. This can be of value to the surgeon since all the thyroid tissue may be situated at the back of the tongue or along the course of the thyroglossal tract, or an enlarged thyroid may extend deeply into the mediastinum.
One of the most useful aids to diagnosis has been a careful method of scanning which we now use routinely before operating on a goitre. The patient receives a tracer dose of 100 ,uc. and thirty-six to forty-eight hours later a perspex grid marked in 1 cm. squares is placed over the neck. A special counter with lead shield and central lead core, so designed that it only records parallel rays, is then held over each square for I to 2 minutes. The counts, expressed as a percentage of the tracer dose, are then plotted on graph paper and if lines are drawn through areas of equal iodine uptake a chart of function is obtained. These lines, which resemble the isobars of the meteorologist, produce a chart in a normal patient which resembles closely the anatomy of the gland (see Taylor, S., and Stewart, F. S., 1951, Lancet, ii, 232) . A nodule in which no radioiodine is taken up is usually referred to as a "cold nodule" and if solitary and in a young patient might raise the suspicion of malignant disease. A nodule which takes up more radioiodine than the surrounding tissue is referred to as a "hot nodule" and if associated with hyperthyroidism indicates that removal of the nodule will relieve the condition and that subtotal thyroidectomy is unnecessary. Isotope Therapy of Hyperthyroidism There are three very different methods available today for treating hyperthyroidism: thyroidectomy, thiouracil and radioactive iodine. The indications for each are slowly emerging but I shall state only my own particular preferences. Surgery is necessary for all toxic nodular goitres, very large goitres with pressure on the trachea, those who develop sensitivity to the thiouracil drugs and patients normally living far removed from hospital. Thiouracil is most valuable in pre-operative preparation but when continued for long periods may induce a remission. Radioiodine is much the kindest treatment from the patients' point of view. They have only to drink a little tasteless fluid and the hyperthyroidism is gradually controlled, the maximum improvement appearing in about two to three months. Graves' disease or hyperthyroidism associated with a uniformly enlarged gland responds best; toxic nodular goitres are more resistant. There isño anaesthetic risk to contend with, no hxemorrhage, no risk of damage to the recurrent nerve or to the parathyroids.
So much for the credit side of the account. The debit side is less cleArly defined. In the first place the dose is calculated on the number of grammes of thyroid tissue estimated clinically. Even the most experienced thyroidologist can be 1000% wrong on this score. Next, it is assumed that uptake is uni-formly spread throughout the gland; autoradiograms, however, show a patchy uptake. Finally, there is the fear that the intense,.irradiation may induce a malignant change, possibly after a long latent period. As a corollary, the production of skin cancer after a latent period of twenty years or more following X-ray therapy may be quoted. In the experimental rat, radioiodine certainly produces thyroid cancer when combined with prolonged thiouracil therapy. In brief, radioiodine is of most value for recurrent hyperthyroidism, especially when previous operation has paralysed a vocal cord, for older patients with severe heart disease and those who cannot be prepared for surgery, and for patients with severe exophthalmos in whom thyroidectomy may precipitate corneal ulceration. The question whether or not radioiodine will produce thyroid cancer in man must go unanswered until more years have elapsed. For the present I am unwilling to recommend this form of therapy in anyone with an expectation of life of more than 20 years if suitable alternative therapy is available. Autoradiography A most convincing proof of the metabolism of iodine in the thyroid is provided by autoradiography and in combination with histology it has proved much that of necessity had previously been speculative and added some entirely new knowledge. The technique I have adopted in investigating the last 60 patients with goitre submitted to operation is as follows:
The patient is given 100 Ftc. of radioiodine on a fasting stomach and the urine collected in three periods over the subsequent forty-eight hours as a measure of total thyroid function. After thirty-six hours the neck is scanned and a map of iodine uptake obtained as a guide to what should be excised.
After operation, the tissue is weighed and sections made through whole lobes in the plane thought most likely to provide useful information. The tissue is difficult to process but sections are prepared on a sledge microtome and left in contact with X-ray film which is then developed.
Mr. Selwyn Taylor then showed lantern slides prepared by mounting the actual histological preparation alongside the autoradiograph. The preparations illustrated the evolution of nodular goitre (see Taylor, S., 1952, Lancet, i, 175) .
Mr. R. J. Walton, Radiotherapist, Royal Cancer Hospital, London:
Clinical Uses ofRadioactive Colloidal Gold Radioactive gold (Au198) is prepared by exposure of normal gold to neutron bombardment in the atomic pile. It emits a beta radiation of 0-96 MeV energy and a gamma radiation of 0-41 MeV and decays with a half-life of 2-7 days. It can be easily prepared as a colloidal solution having an average particle size of about 100 mp. In this form it has been used clinically in two main ways:
The first of these has been in the relief of syniptoms resulting from the formation of malignant pleural and peritoneal effusions. The technique of administration is simple, 100 ml. or so of the fluid of activity 80-120 mc. being run into the cavity concerned at the end of normal paracentesis, the patient being postured to facilitate free dispersal throughout the cayity. Nausea and vomiting of variable severity are experienced in some cases for twenty-four hours or so and a few patients have complained of gastro-intestinal upset lasting two or more weeks. About half of the patients treated have received benefit from the treatment by a slowing down or temporary complete cessation of fluid formation, and I feel that the method is a useful palliative one in this late and distressing stage of malignant disease.
The second therapeutic use of radioactive colloidal gold has been reported principally from the United States of America. The neoplastic tissue is directly infiltrated with Au "11; the amount necessary to deliver a pre-determined dose of radiation (mostly due to beta rays) is calculated from the volume of the tumour. A technique of multiple injections coupled with the use of hyaluronidase seems to result in fairly even dispersal of the active material. Tumours of the face, breast and parametrium have frequently been treated in this way, while more recently the technique has been extended to include the prostate. Successful treatment is said to result in rapid shrinkage of the tumour mass and its replacement by fibrous tissue.
